::ODMA\MHODMA\iManage;198293;l 



PATENT APPLICATION 
Docket No.: 0050.1491-005 



LMT/pdd 
4/2/01 



j\}S]j>\___ Express Mail Label No ._EL65&^5§SS. 



US 



Attorney's Docket No.: 



Leonard P. Guarente, Nicanor Austriaco, Jr., James J. 
Claus,Francesca Cole and Brian Kennedy 
0050.1491-005 
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RELATED APPLICATIONS 

Thi s application is a divisiona! of U.S. Senal Number 09/323^33 f 

• • a ,nfUS SerialNumber08/396,001,filedFebruary28,1995, 

wMchi saco„tinuat 10n - 1 n-pa I .o f Sen a Hum 

1Q94 which is a continuation-in-part of U.S. Senal rj 

GOVERNMENT SUPPORT Govem ment support 

oA^rPOTIND OF THE INVENTION 

, or^isCear.ev.dent. ^^'^^Z^^ 
the possibiiity of a genetic program are mutations which alter the agt 
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• on* Werner's syndrome cause premature aging in 
^tolrt^P^*"^* nasoeendescnbed 

^ i>?.7S 86 (1988)). A further issue open to specuianoi 

-it::: . — .Tn"~- 

j * -A- n „ mnvflick L and Moorhead, P.S., Exp. Leu Kes. 
popuWion wou.d stop d.«dmg (HayfUcM. ^ ^ ^ 

«SSS 621 (1961)' Hayflick,L„ Bp. CeHte. 37.614-636 (lwow 

Mn u p demonstrated by incubating young HVts 
cell size and senescence can be demonstra 

25 Proc. Natl. Acad. Sci. USA 71.2231^' )) 

t HDF into the young cell inhibits DNA synthesis (Lumpkin, C.K., Jr., 
senescent HDF into tneyo g activ ated a gene or genes 

c • ?<7WU1986)) suggesting that the senescent HDF activated g 



C B * a/.. 345:458 (1990)), causes senescence. 

Jonana^caUonof^sofn,—, 

, Wo , ». / W; 659-680(1985)a„dKoU,F.^/..^WN: 1 06-n7 ( 1 985)). * 
««/ CM 47:829-837 (1986)) and Aspergillus (Lazarus, 

phenorype is dominant and is inherited cytoplasmically. 

distribution (Pohley, 3.-3. *«l Dm 35 231 lW '* 

, x 1 c ♦ :m (VoWmez N K. and Jazwmski, b.M., J. 
straintostrain(rangingftomaboutl5to30)(E^mez,NX 

,^i;MT*(.W Thus, senescence in budd,ng yeas, as mHDFs.s 
stochasticprocess.bu.hassomeunderiyinggenctKbas.s. 

Senescence.yeastisH.cesenescenceinHDFstnothe.waysaswen.^ 

HDP, yeastmotherceHshavebeenshowntoemargew.thagefMort.nte R.K. an 
MSd.«:B9-17(1990)). in addition to their large size, a^ng mother ce,,s also 
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N K . and Jazwinski, S.M., /• Bacterial. 
0 ■ HDFshowever , h ere is one important difference. 

,fl 10 pnmaryHDFs, however, «,,nif e SDa n whether derived from a 

» thedaughtereenhasresainedthecapacdyforamnhfeP-. 

5 _oro ld ermo.hercell(Mu 1 ler,I.,^.^o'. 77 .20-25 (197 )) 

^ ^ZatoeiLo, — ^ r -~^ 

0 Beeausedaughtercellsden his resetting also shows that 

!■* ■ I and Wolf, F., Mol. Gen. Genet. 160.23 1 234 (iy „, 

B vvarvingthegrowthrateofce..s,itwasdemonstratedthatthekeyp 

ZlifeLmyeas.isnumberofdivisions.andnotchronoiog.calt.me 
indetermmmgthehfespanmy This finding led to the idea that 

(Muller,I., e ,^.,M e c^gemg^.«.47-52(1980)) Budscarsare 

^tsofehitinthatstaywhhthemotheroelUftereachced^ 

435 (1989ft Several lines of evidence have argued agamst the 

Teir ploidy didno. affect life span (Muller, ^-20-25 (.971),. 



^A tn a voung one did not endow 

cells UisthereforereasonabletospecmatethatftemCecuiar 
in mammanan cells. It ther ^ ffl 

° f sttito8 Paralle ' S m ^ there has efflerg ed strong mechanistic similarities 

factor TFllD,ar „ 4 . 37 . 42 (19 88)). Further, yeast and certain 

(Buratowski, S., * 33431 ^ heterologous host 

.««>"' — „„„,,, ,,, 

A.— — 12 4 eJs deleted, the 
reg ulator) confutes to extended life span: when the SIR4 ge 
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* — t-~zrs: 

— — :-:r.™"— — «— 

It has also been discovered that the u im g 
^■--■D* — in the UTH4 gene confers 

extended.ifespanonmutantyeastcells. 

As further described herein, it was Covered that the UIH1 8 

T7TH4 and UTHl genes. In particular, the yeast YGL023 and p 

UTH4 and U 1H g ^ ^ homology t0 

UTH4. The yeast ^^q, result i„ shortened yeast cell life span 
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ohenotype of starvation resistance. The yeast ceiis ar v 

"ratedon — —.andgrown. The p,a,e w it h ~n — 
X .atea.ennCea — th „se oo tora es w.ch ,ow ,e ~ 

SPa,,S ' Inase conde m bodi m e„Uheoe 1 ,su rf aceofyea S .oen S are.abenedwitha 

■ , h,M After a period of growth greater than 

Ge.seanbeisolatedhycomp.e—anaWs, Forexamp.e.a 



.amutantSn^ene. ^ DNA&0mth ;° rgM 7; f :r s from themutant 
.Hosetransfonnan.swhichhave.heusual Ufa span(,.,, those 

invention. The subject mventton also reia.es 
encodeobvUTHUNCASorSAGl.Th.smventton .sorest 

. t jiTTHi MP A3 or SAG1 DNA. 
homologous to and/or hybridizes ° q jj) NO 9), and DNA which encodes 

s5 Also included is UTH4, YOLUZ^, n nfthe encoded protein or mutations 
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fo«t t TTH4 YGL023, D43951 or D13645 

S1R4 It also relates to mutant SIR4 UNA v.wm 

tant SIR4DNA and DN A which encodes the same amino acid sequence as that 
bymu ,an,sm4DNAand,hesnnilarmutan,Sm4DNAse [| uences. 

BRIEF DESCRIPTION OF THE FIGURES 

• • RWG1 7A (closed symbols), and PSY142 (open symbols). 

triangles)), 38 cells («thl-330. closed squares), 34 cells (uthl 

25 ^eetsa^crep— — ^^ irdes) , 

Sample sizes were 49 cells (u«h3-26, closed squares), 40 cells (u,n3 
and 40 cells (14c, open squares). 



p^eTisa^crep.sen.arionof— es for UTH4 rnu,a„ t , 
Sampled were Ids (u«h4-326, Cosed squares), and 40 ce»s (He, open squares). 
S ^eS-.ap.c.p— or^UfespanofKa^HcCopens^es) 

and dioloid 14c (closed diamonds). 

FiguI e9 iS a gr ap h ic I ep re sen t at i ono f t h e M espano fl 4c(open squares), >4c 

STE12 gene (closed circles). 

PigureWisagraphicrepresen.a.ionofmor.aHty curves for Hc(SIR, op 

W ere 1 39ce„s( 1 4c), 1 39ce 1 .s(^Aand 1 36cen S (BK yl 04 

P^eUisa^crepresentanonofmortaMy curves for 14c(SIR4, open 
^ ^ mfvl 09 tsir4-42 + sm, open circles), 
squares), sM-42 ( sir4, closed iamonds), and BKyl09 (s,r4 

Sample sizes were 20 cells for all strains. 

Fig ure,2isa^phicre P rese„tationof m ortali V curvesforl4c(SIR4 op „ 

i5irl op e„circ,es;SIR4As I rl,c,oseddiamonds). Sample s.zes were 20 cells (1 ), 
C e,ls(SrR4Mir.),18ceUs( jW -«),andl9ce.,s( SI W-«Asirl). 

p^eOisagraphicrepresentationofmortaUry curves for 14c(SIR4 op n 

Asir 3o P e„circ,es;SlR4Asir3,c 1 osedd i arnonds).San 1 p,es,zeswere60cel,s(14c),20 

^^^^^^^^^ forl4c(sm4open 

sq uares ) andSlR4p,usan,i-Sm4(c 1 oseds q uares). Sample s.zes were 50 cel,s(.4c) 

and 46 cells (SIR4 + Anti-SIR4). ,<; E o ID NO 1), 

PigureslSA-lSBareadepiCionofthenucieicacdsequencetSEQIDNO. 

. j _ /cpo ID NO 2), of the UTH1 gene, 

and the encoded amino add sequence (SEQ ID NO. ), 

Figures 16A-16I areadep.tionof the nucleic acul sequence (SEQ ID NO. 3), 
.^FOTDNO 4) ofthe yeast UTH4 gene, 
and the encoded amino acid sequence (SEQ ID NO. 4), 
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Figures 17A-17J are a depiction of the nucleic acid sequence (SEQ ID NO. 5), 
r qpo m NO 6) of the yeast YGL023 gene, 
and the encoded amino acid sequence (SEQ ID NO. o), 

FigureslSA-lSMareadepictionofthenucleicacidsequenceCSEQIDNO.T), 

~~ «zvn id NO 8) of the human D4395 1 gene, 
and the encoded amino acid sequence (SEQ ID NO. 8), 

Figures 19A-19H are a depiction of the nucleic acid sequence (SEQ ID NO. 9), 

•j (<zvo TD NO 10) of the human D13645 gene, 

and the encoded ammo acid sequence (SEQ ID NO. W), 

F i g ure S 20A-20Bareadepictionofthenucleicacid S equence(SEQIDNO.ll), 

0 fQvn m NO 12) of the yeast NCA3 gene, 
and the encoded amino acid sequence (SEQ ID NO. 12), 

Flg ures21A-21Bareade P ictionofthenucleicacidsequence(SEQIDN0.13) 5 

•j /cpnm NO 14V of the yeast SAG1 gene, 

and the encoded amino actd sequence (SEQ ID NO. 14), 

Figures 22A-22C are an illustration of the consensus sequence (SEQ ID NO. ») 
& o m ,heS UN do m ainsoftheUTH,,NCA3andS A Gl g enes(SEQ ID N0.2,SEQn, 
NO 12 and SEQ ID NO. ,4, respectively), as well as a comparison of the consensus 
S equenceandapartia 1 seque„ceoftheSUN4 g ene(SE Qro N0..6) 

Figure 23 depicts a comparison of the amino acid sequences of the e.gh. repeat 
boxes of UTH4 (SEQ ID NOS. 17-24). Capital letters indicate conserved ammo acds 
Figure 24 depicts a comparison of the amino acid sequences of the etgh, repeat 

D3NOS. 17-24, SEQ TD NOS. 25-32, SEQIDNOS. 33-40, and SEQ TD NOS. 
respectively). Capital letters indicate conserved amino acids. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention derives from the discovery that a particular gene ,s 
involved in senescence in yeas,, and tha, a particuiar mutation in the gene causes an 
increase in life span of the yeast cells. As described below, longer-lived mutant yeast 
cells have been isolated in which the SIR4 gene has been mutated to generate a stop 

posstble to identify and/or isolate yeas, ceils wtth longer Ufe spans, as we,, as to .denttfy 
agents which contribute to longer life span. It is further possible to isolate genes 
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involved in (which have an effect on) senescence, as well as .he proteins encoded by 
thesegenes.andgenesencod.ngproteinstha.contribu.eto.ongerlifespan. 

The following is a description of the d.scovery of a phenotype correlating wtth 
„fe span; the iso,a,ion of mutant yeas, strains with longer life spans; the isolation and 
characterization of the mutant gene affecting hfe span; the tenements of other genes 
to lengthen life span; the effects of the mutant gene on telomeres; extension of hfe span 
expresston of the carboxyl-terminus of the gene; a framework for relating silencmg 
aging stress, and telomeres; methods of isolating strains with longer life spans; methods 
of identifying agents which affect life span; and methods of isolating genes involved m 
cellular senescence. 

IDENTIFICATION OF A PHENOTYPE CORRELATING WITH LIFE SPAN 

Because budding yeas, cells divide asymmetrically into a large mother cell and a 
small daughter cell, the life span of any given mother cellin a particular colony can be 
measured. By visuahzing growing cells in a microscope and m.cromanipulatmg away 
the daughter cell after each division, it is possible to follow a pedigree from each 
startingcell. The endofthe Hfe span foragwen cell is indtcated by a cessation of ce. 
diviston. Life span ,s thus equated with the number of generations, or divisions, winch 
give rise ,o daughter cells. The life span of a particular strain can be identified bythe 
m eannumberof generations in several colonies. The chronological life span, .herefore, 
is ,he app—e time necessary for one cell division, or for one generation to anse 
multiplied by the number of divisions (generations) in the mean life span. A longer hfe 
span, as described herein, is measured as an increase in the mean life span of one stram 
as compared with the mean life span of a second strain. 

To facilitate the identification of strains with altered life spans, a phenotype was 
sought which correlated with life span, yet which could be studied at the level of 
popu.ationsofce.,s(i.e.,a«aco,ony .eve,). Tothis end, two parental strains were used, 
BWG1-7A (Guarente, L. e, at. Cell 36:503-51 1 (1984)), and PSY142 (laboratory 
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strain) These two strains had different mean life spans (1 8 generations for BWG1-7A, 
and 29 generations for PSY142), as shown in Ftgure 1. Four strains of Saccharoses 
celiac were generated by crossing the parentai strains BWG1-7A and PSY142 and 
sporulating the diploid. These four segregants of thus cross, known collectively as the 
5 tetrad BKxl-14 strains and individually as 14a, 14b, 14c, and 14d, have varyng hfe 
spans (see Figure 2). When the tetrad strains were starved for nitrogen and carbon, ,t 
was discovered tha, starvation contributed to cell death, and U,at the rate of cell death 
when starved was inversely proportional to the life span of the particular stram. Tha. ts, 
,o„ger-lived strains were more resistant to starvation-induced death than shorter-hved 
,0 strains (see Figure 3). Furthermore, strains with longer life spans yielded a greater 
recovery of viable cells after storage at 4°C for 4.5 months. 

ISOLATION OF LONGER-LIVED MUTANT YEAST STRAINS 

To isolate longer-lived mutants, the shorter-lived strain 14c, which was 
, S relatively sensitive to starvation-induced eel, death, was utilized. The yeast stram 14c 
has been deposited w„h the American Type Culture Collection, 12301 Parklawn Drive, 
Rockville MD, 20852, USA, under the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure, on 
August 13 1993; the accession number is 74236. All restrictions on the avatlabihty to 
20 the public of the deposited materia, will be irrevocably removed upon the granting of 
the patent. 1 4c yeas, cells were mu.agen.zed with ethybnethane sulfonate (EMS) 
(approximately 60% of cells killed); colonies were plated on supplemented mmtmal 
prates (yeas, mtrogen base, 2% glucose, and those amino acids and nucleotides reomred 
for the strain) and replica-plated to plates lacking nitrogen and carbon (the starvation 
25 plates) (contents identical to supplemented minimal, without nitrogen and carbon). 
After incubation of the station plates at 30°C for five to ten days, the plates were 
replicated back to rich media plates (YPD) (1% yeas, extract, 2% peptone, 2% 
dextrose). Most of.be colonies consisled of dead cells, and .hus did no, grown on YPD; 
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however rare colonies contained living cells when plated back onto YPD (the 
"starvation resistant" colonies). Of 38,000 colonies, 39 were starvation resistant. Of 
these eight had an extended life span (extended 20-55%). To determine the hfe span, 
cells were taken from logarithmically growing liquid cultures and plated at low denstty 
on complete medium. The plates were incubated a. 30°C for approximately three hours. 
At this time, daughter cells were isolated as buds that had emerged from mother cells, 
and moved with a Zeiss Micromanipulator to uninhabited regions of the plate. The hfe 
spans of these cells were determined by noting and removing all subsequent daughters 
they generated. The plates were incubated at 30°C during working hours and shtfted to 
4°C overnight. Life spans generated by this incubation schedule do not differ 
significantly from those generated by incubating cells continuously at 30°C (data not 
shown). 

To determine whether the mutants were dominant or recessive, the eight 
starvation resistant mutants were crossed with an isogeneic derivative of 14c, BKy5, 
with the opposite mating type, sporulated, and shown to segregate 2:2 for stress-related 
phenotypes in more than 10 tetrads each. Genetic analysis indicated that seven were 
recessive and one was dominant Complementation analysis showed that the recesstve 
mutations fell into three genes (UTH 1,2, and 3). The dominant mutation was not 
linked to representatives of any of these groups, and representatives of each group were 
not linked to each other. The dominant mutation was identified as a fourth gene 
(UTH4 SEQ ID NO. 3, Figure 16A-E). Mortality curves for each complements 
group (UTH 1-4) are shown in Figure 4 (UTH1), Figure 5 (UTH2), Figure 6 (UTH3), 
and Figure 7 (UTH4). The differences in life span were statistically significant by a 
Wilcoxen signed rank test. 

Several different phenotypes were examined. To determine starvation 
resistance, haploid cells were grown in rich media to log phase, collected by 
centrifugation, and resuspended in minimal sponsion media for a period of seven to 
nine days. After starvation, cells were again collected by centrifugation and plated on 
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rich media ,o measure colony forming units (cfuVml. Colonies couid be assayed for 
ability ,o withstand starvation by utilizing sporulation plates instead of liqu.d culture. 
Saturation density was measured by suspending logarithmically growing cells m nch 
medium ,i q uid culmre a, a density of 10' cells/ml. Cultures were incubated forapenod 
5 offivedayswittrurenumberofcells/mlcountcdinahemacytometeronapenodtc 

basis. Control experiments indicated that the media was completely saturated after thts 
timcpen^.Hea.shockresistancewasdetermmedbyconec.tnglogari.hmtcal.y 

growing cells and plating them at a known concentration on rich media plates. The cells 
werehcat-shockedat55-Cforperiodsvaryingfromfiveminutestoonehour.Pla.es 

,0 were then incubated at 40°C for three days and the number of colonies was counted. 

Growth on ethanol was measured by directly streaking a strain on either nch medta 

containing ethanol or synthetic media supplemented with necessary nutnents and 

containing ethanol as the sole carbon source. 

All eight mutants had phenotypes that were d.fferent from the parental 14c 
15 strain- better stress survival rate (resistance to nitrogen starvation); extended hfe span 

(as shown by more divis.ons); growth «o a htgher saturation density; heat shock 

response in S. c~e) (Plesset, BiocHem. Biophys. Res. Comm. 708:1340-1345 
(1982))- caffeine resistance; and paraquat sensitivity. In addition, one mutant, 
20 designated uth2-42, displayed two additional phenotypes: it mated poorly, and 
e^bitedapseudohvphal-ltkegro^ 

ln diploids that were starved for mtrogen (Gimeno, C. «:1077- 1 090 (1992)). 

Sterility and pseudohyphal-like growth both coscgregated with stress tolerance. 
Moreover, in three compiete tetrads it was found that a lengthened life span also 
25 cosegregated with the other mutant phenotypes. 
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ISOLATION AND CHARACTERIZATION OF GENES AFFECTING LIFE SPAN 
,so.ationof,heUTH2 gene was conducted by the ability of UTH2 to restore 

^^^^^^^^''"^^^^ 
testerstrainofoppositemating^pe^!). The utM-42 mutant was transformed 
wit „astandard yeast g en„ m ,c Hbrary, CT3, on a URA3 p.astnid (Thompson C 
Cell 73-1361-1375 (1 993)), by standard methods (Guthrie, C. and G. Fink, Jfc** ,n 
E^oiosy, .991), and Ura + colonies which were resistant to parac.ua, were se.ected. 
Wormed colonies were tested for their ability to complement the mating detec m 
th eu«h2-42mutant. Plates containing Ubrary Wormed colonies were rephca-p.ated 
ontopermissivep.atcscontainingalaw.ofstra.nCKyZl.Cel.swere.ncubatedatroom 

temperature for one day to a,!ow mating and then were replica-p.ated .opiates selective 
for diploid growth. Colonies were picked which clearly grew on the selecttve p ates 

into uth2-42 mutant ce.,s. One plasmid restored the mating efficiency of the u,h2-42 
m utant. This P .asmid,pBK40, also conferred hea, shock sensitivity and starvatton 

an insert of about 8 kb. 

A 1 6 kb fragment located entirely within the pBK40 library insert was random 
primed by manufacturer's protocol (U.S. Biochemica!), and used to probe a panel of 

.nNAORilesLrta/ Genetics 134Xl-\S0(\99i))- 
lambda clones containing yeast DNA ((Riles, L. el a,.,u 

On.y one clone, the lambda clone that hybridized contained SIR4, showed a 

distinguishable signal. 

SIR4isacomponentof the yeas, silencing complex that represses copiesof 

MATc and MATa information and HML and HMR (Hartwell, L.H. J. Cell B.ol. 

PUne J andI.Her S kow te ,G OT ^iM:9-22(1987)). Restriction mapping of pBK40 
indicated that it contained SIR4 and at least 1 kb of flanking DNA to either side. To 
determine linkage, the insert was transferred to a LEU2-con,a,nin g integrating vector 
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42(containi „ g pBK 4 0,o a now — andafter — ^ st l 
concluded that UTH2 was blK ^ 

Rine, J. and Herskowitz, I., Genencs 116.9-72 (1987 , ^ 
„, «oo(6):1279-1287 ^ Hoothe r ~shadp r ev,o 

these genes. . vn „ sses a and a information 

The SIR4 mutant is sterile because it expresses an 

. rr ,„fthcSIR4 deletion was not simply because cells 
sim ultaneously. The effect of the SIR4 the isogeneic diploid of 14c, BKy6, did 

simultaneously expressed a and a information. Figure 8). To generate 

BKy5,stra,nl4cwastrans f ormedwhaGALH)P ^ 
m edium to induce mating type swUching (Guthn e, C. 

, icon Colonies were tested by mating to CKy20 ore y 

competent. O „fthe1oneer life span. Disrupting 

STE4 or STE12, genes involved in aspects ° ^^^^ carried out as described 
n „t affect life spanCseeFi^). The disruption of STE4 
in Whiteway,M. e <a ( .,Ce«56 : 467.477(1989). 
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mother cell. 

.heefpbctsopsteKonmeanl^espan 
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. o „f c7>4-42 were recessive, it was 
Becausethe stress ^ 

f OTP a null mutation would mimic tnai ui 
surmisedthat t hephe„orypeofaSIR4nuHmu irs j, t0 SrR4 through 

deleted strain, BKyl04, was m 
■ruportarttty.however,^ 

whether the sir4-42 allde was domrnant to SIR4 
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librar y insert contanung SIM* P h fc J22:19 . 27 (1989)) ■*»***" 

d „ub.e digest (Sikorsld, R.S. and P. . ^ by ^ 

.expected. However,the Ufe span of to ^ 

de—thattHen^eannespan^ ^ tmM ^^ 
m eansofboth SI W-«andl4c.The S .r4 

res peet to life span. „ PS raat i„g was used to construct isogenie diploids, 

SIR4/SIR4 (BKy6), SDM/«^ (BKylv), ^ ^ ^ ^ by 

Sm4 P ,asrnid,pBK40,topenr 1 i. m aUng^ 

ma ,ingthe si H-« mutant contatrungpBK 40* ^ 

ptasnridwitbS-FOA. ^"^"^^^j. BKy21 carrying pBK40 
w.usedtogeneratethebotnozy^ 

« — «-*^ — — ^ r h yP-ts,andtl,e 
homozygous diploidshavenfesp—^^ 

^anttssemt-dominan ..»«e,dneto ^ ° m4 ^ &om 14c a„ d ,„e 
Oaprepatr was utilised toclone both UnewtldW ^ ,„ 

regi „„ofSm4fron 1 pBK40.^1» P ^ md te plasmids were 
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M To locals the mutation within SUM, digests were 
^^- n,WM 77 M d ;rl f whichhaveonesiteintheSm4 g eneand 
conducted with AatTI, Smal, and ^ a " ° f hese linearized p,asmids were 

anotherwnhinmepBKAOinsert.eimerS or _ t0 complem e„t 

the ,^-,2-associatedmanng defect. ^ ^ V esidue sm4 ope n readtag 

anatysis. The resulting strain had an extended P &omthe 

residues from the SIR4 gene product. corresponding to UTH1 

A second gene involved in senescence in yeast, corr p 

-.wlfien The UTH1 mutation, described anove, 
de scribedabove,hasbeen,dent,ned.TheU ^ 

•t The UTH1 gene was cloned torn me t-i 
14 c sensitive to paraquat. TheUTH 8 btained using standard 

^tvtoconferresistancetop^ua 
me ,hods. The nucleic acid sequence (SEQ ID NO ), 

seq uence(SEQIDN0.2),aresh 0 wninF,gurel5. all , Figure 
screeningacompu.erizeddatabasew,th.heUTHlse q uen 
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domains (Figure 22A-B). The o & ^ ^ ,23 
, asi the SUN domain ot me jn^^-j & 
— 451> om . nextendsftom „uc.eo t ide2nto 

,o nucleotide 338, and the SAG1 SUN ^ ^ 

homology. Apartialsequenceofathtrdg Deletion of either the NCA3 gene or 

SUN4(SEQIDN0.15),hasa, S oheen,den, 1 ned.D^ ^ 

indieatingthatthesegenesconmbotetoexte 0 regulate aging. 

A third gene involved in senescence m yeast, P ^ ^ 

^un ID NO 4) are shown in Figure IbA c « f 
amino acid sequence (SEQ ID NO. , transform ed yeast cells, and a 

sequ ence. A comparison of the More st *ng, however, is a comparison of 

about fifty percent homdogous (Fighr 23). ^ ^ 

of UTH4, including the yeast YGL023 g (he 
, 0 r;n m NO 9 Figure 19A-M anu me 
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u • „r,oSIR4 in that deletion of the entire gene does not 

^^^^^^^^^^^ 
Un*.--**-— Xdeehlsewhioh^tsine^nna.n.no 
span-Thismutahoneanheasmgienu ^ ^ 

aeid ehange or generation o£ a stop codon resulnng 

h-inveshgatedwhe .her, ^ sm4 ^ clos e ly coupled in that 

allarereaniredforsdencngattheHMlo , <:M2(198 7)> 

werererrorredfor—on ^J.-*-*****-"*™ 

J.M. e, aL.MoL CeliB.oi 6.688-702 (19 » ^ ^ ^ ^ 

d e,e,.ng.23 amino acids attheC— fn contrast, the sir3 

shortening of life span m the «rt-42 stra, P ^ 
by appears to be an activity 
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• r f m nne obvious possible location was 
resu U tag in*eobse I ,edex t e„sio„ m . 1 fespan. Q»cb l smM „ 
™s,beoau 5 elossof to ctio„— Sm sm,sm3 

ce „s, t e,o m e re shavebee„show„to shorten w.thage^C 

W5-458 460(1990)),andtrusshor.e m nghasbeenproposedasacausaU g 

derivatives was determmed. Total genom Hybridiz ation 
^edonaor/.aga.osese.and — to G ^ 

— — T ReS i:i; ng 6 00 b ase P a tal ocated 
were as suggested by the manufacturer. A plas 

^atedfGIBCOBRDandusedasaprobeCCbana « J &agments both 
^ere-pro^andtetontere-distaitotbe — 

-'•^'"^^^^^^^^ ^.indicatingtbatthemutantbehaved 
mu ,a„, was mdistmgutshable from the 

is probably -related to telomere length or silenemg. 
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Thus, overexpression of a carboxy expressing 

onlytt ,ecarboxyn54re 5I duesofSIR4hasbe ^..Mo/. 
ao m inantne g a t ive m u«w it h re speeUo«a 

Therefore, a construe, that expresses the earboxy ^ 

j. « a/., Mo/- CWIBW 6:688-702 (1986)). 

20 L. and T. Mason, Cell 32.1279 wTmJ2/sirM 2 in the strain BKy 107 

■i* Kaiser The terminology LbUZ/sir« ^ 
which were gifts of C. Kaiser. e _ 
m eansthe,W^allelehasbe e nintegratedattheLEU2 
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FRAMEWORK FOR RELATING SILENCING, AGING, STRESS, AND 
TELOMERES ^^^^.S,*^ 

Table 3 summarizes the ellects 01 
storing and a.so promote stress reliance. 

TABLE 3 
PHENOTYPES OF ALLELES 




20 



25 



^^-- ^^ 

^P^^ — - *"^ C.ttUsu^toattherers 
HMloci.doesnotpromotestressreststance. Forstmp ty, 

Itistoth er suggested « * ekn « f ' ,f 6 ^ repression of 

mut a.ion and the Asir4 e.uninate sdeneurg a, HM 
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, .nHMLHMRand.domeres.renderingthecomplexmoreava.lable 
complex to HML, HMR, esidues lhat are missing ,n the Si r.-« 

other site of action m the ceil. The carboxy ^ 
mut an, m aybe important intherecrurtmentofmesmcomp ^^ 

SmstoHM loot and teiomeres.overexpresstonofthecarbox^ 

Expression of this STR4 fragment, m addmon to blockmg P 

5 promoted longevity. .. , he sm ^pkx may be causally related to aging 

AbreakdownmstlencrngbytheSlRoomp 

)0 errs:.-— — ;rr 

" possiblethatthemutationoounterstelomereshortentngselecfvelym 
Thetechniquesdescribedaboveeanbeusedtotsolateo. » 
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i« n f the strain of interest is exposed 

nitros o S uanidine(MNNG),oru«ravio 1 e, m ad l a« I on. Mutants 

can then be isolated as follows. ed 
STARVATION-RESISTANCE METHOD. nitrogen sources, as 

tomu , ag en,e pl a,e dW1 . h n, nim a 1 — ^^J M 

powflO. Them.mmalp.atesarerep P starV a,ion p.ates a, a 

— -rr: 

link ed to fluorescence ,s coupled to the (e 
„eplatedandcu lt ured f ora P e ri odon : e^^^ 
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0 



15 



fluorescentlylabenedcefls. The fluorescent cefls are then repla 

increased life spans will grow. , emDera ture-sensitive mutant 

TEMPERATURE-SENSmVEMETHOD. tsutiUzed. For 

at 30°C, but not at 37 C, because & 

ft. non-permissive temperature, the ad gh ^ a 

Therefore, each mother cefl ^own at the non-permtssv P ^ ^ 

^mother cell. Mutant shains w,U display mtcrocolomes wherem 
isgr e a terthanN. are olate d at the permissrve temperamre. Asampleof 

grow after the temperature shift. 
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monies, using an y of*e m e t hodsdescn b e d bov,Co2 (iveofthe 

analysis, or by isolation of DNA homol g ce n s from a budding yeast 

strain, such as 14c, m wtach the SIR4 ge ^ 
teoughsite-specificmutagenes.s.forexample. A or mamma ,s, is used to 

0 transform the yeast cells. The cells are t1ian the w e r life of the cells in 

which S1R4 is mutated, are selected. These ^ 
tot eres, whichcomprisesagene that contributes to sene cence. 



■r a ThP^e cells should have a normal life 
budding yeas. strain, such as Mc, axe u,*zed. W esece 1 U 

span). TheDNAfromtheorgamsmofmteresUsth lenl of 

<5TR4 in veast can be investigated iuu^ 

S1K 4 m ye<u> encoded protein) results m a 

SIR4 mutation (stop codon at amino acid 1237 of the 

Manual, 2nd ed., Cold Spnng n DMA hybridizing to the probe is 

, eds. Current Protocol, in Molecular Btology, 1994. DN y ^ 

,5 labelled DNA comprising genes rsolated by the compl 

above can be used as the probe. (o 
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of the UTH4, PUMILIO, 

VGL023,D.36 4 5orD43951 gene, Homo.og g ^^^jh), 
po^aseenain^onCPCRKsee ^' ^ s ^ thetic oH^ae pn-ne. 

^.hatcontains .hemutation 11*.^— 

senescence or «o.ongerUfe span. Theohg ^^^^ 
ofin »eres..TheDNAmul.,pl.ed,»PCR.s toh contributes to 

Becausetne,^ — ^J^„i.H*,-<» » 
of "anti-SIR4" (residues 1205 °^^ ^g {any ce H by adding "anti-SIR't''- For 
45% , iti s now possible to mcrease the SP " ffl be inserte d into .be ceU of 

lrt eres, Expressionof.be ^ SK ^ produced by One ntntated 

SIR 4gene can be added to .he cell, .hereby. 
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EQUIVALENTS ^ using n0 ra0 re than 

Tnose silled ,n the art will recede, or be '^^^^^ 

scope of the following claims. 



